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METHOD FOR GRANULATING POWDERS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention "7 ~~ — 
The invention relates processes for forming granulates from powders and/or particles, 

especially inorganic powders and/or particles, and organic polymers. The process can be 
operated continuously, and the resulting granulates are suitable for a variety of uses, particularly 
in purification of fluids, and even more particularly in the filtration of water and air. 

2. Description of Related Ait 

In m any areas of technology, it is often desirable to contact fluids with solid materials in 
order to separate materials in the fluid. For example, in the area of water purification, it is often 
desirable to separate undesirable volatile organic compounds (VOC), microorganisms, heavy 
metals, and other species from the water by contacting the water containing these contaminants 
with a solid material capable of absorbing or adsorbing them from the water. However, many of 
these solid materials, while capable of absorbing or adsorbing contaminants, are undesirable for 
use in purification applications because they can, over time, leach or otherwise deposit material 
into the fluid being purified. 

This is particularly problematic when the adsorbing or absorbing material is a fine 
particulate (a characteristic that is very desirable from the standpoint of adsorption or absorption 
efficiency, since the smaller the particle, the more surface area is available for adsorption or 
absorption). Deposition of small particulates into the fluid can be particularly detrimental, since 
these particulates may contain relatively large amounts of the contaminant desired to be removed 
in the first place. 
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Additionally, the adsorbing or absorbing materials may themselves be considered to be 
contaminants in the fluid if they become entrained therein. This can occur by a variety of 
mechanisms, such as erosion of the adsorbing or absorbing material by contact with the fluid, or 
by the presence of small parti cies of adsorbing or absorbing^ material that can be present when" " 
the material is first contacted with the fluid (i.e. /dusting). 

A number of different techniques have been developed in attempts to provide good 
<- separation efficiency while reducing contamination of the fluid by the separation medium. These 
% include forming the separation material into porous blocks of particles held together with some 
form of binder resin: However, doing so sacrifices much of the advantages of high surface area 
that lead to the use of particulates in the first place. In addition, melting and extruding some 
HOPE binders into relatively large blocks makes uniform heating difficult, requiring the use of 

k j relatively high temperatures to provide adequate heat transfer to melt the binder material near the 

til* ' 

j= center of the block. This, in turn, may lead to hot spots in the material, in particular as the size of 

iii " ■ ' - ' ' - 

fil the block increases The development of hot spots thus limits the si2e of the blocks that may be 

□ produced. 

Another technique includes packing particles of the separation medium into canisters 

Eh. 

□ designed to allow fluid to flow in and out and to contact the separation medium, but to retain the 
particles within the canister. The need to prevent escape of the particles from the canister places 
an effective lower limit on the size of the particles that can be used, and therefore of the surface 
area that can be obtained, and typically is not able to prevent introduction of some particulates 
into the fluid as the result of dusting of the separation medium. 

Accordingly, there remains a need in the art for a material that can serve as a fluid 
separation medium, that contains fine particulates to provide good contact between the fluid and 
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the separation medium, and that provides little or no leaching and/or dusting of the separation 
medium. 

SUMMARY OF THE INVENTION 



This invention satisfies these needs. It relates to a process for forming granules (and to 
the granules formed by the process) containing inorganic particles agglomerated with a binder 
containing a polymeric material, typically a high-density polyethylene (HDPE). The granules 
typically have sizes in the range from about 1 mesh to about 200 mesh. 

The granules are formed by gradual heating of binder particles to a temperature below the 
melting point of the binder, but sufficiently above room temperature to soften the binder 
particles. The binder particles are combined with the inorganic particles and the two particles are 
mixed. This combination and mixing can occur prior to,- during, or after heating of the binder 
particles, or some combination thereof. For example, in one embodiment of the invention, the 
binder particles are slowly preheated to a temperature below their melting temperature, and then 
combined and mixed with the inorganic particles, optionally with additional heating, wherein the 
shear stress of mixing and/or additional heating is desirably sufficient to further soften and 
U tackify the binder. In another embodiment of the invention, binder panicles at ambient 

£3. temperature are mixed and compacted with the inorganic particles, and the resulting mixture is . 
heated to soften and tackify the binder particles. 

The softened binder and the inorganic particles are then cooled. The result of this cooling 
may be used as the desired granules, ox may be in the form of flakes or chips, that can be ground 
to form the desired granules of an appropriate size. Grinding of compressed material may also 
occur prior to heating, but after mixing and compacting of the binder and inorganic particles. 
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Without wishing to be bound by any theory, it is believed that during the initial heating : 
the binder particles soften and become tacky. At least a portion of the tacky surfaces of the 
softened binder particles comes into contact with the inorganic particles during mixing, and the 
inorganic particles adhere to the surfaces of the binder particles. During mixing and/or heating, 
at least some of the binder particles become further softened. Combined with optional applied 
compression, this draws the inorganic particles together and causes them to adhere to each other. 
The result is an agglomeration of the inorganic particles into granules, along with possibly the 
formation of binder particles having inorganic particles on their surface. 

In embodiments of the invention where the binder particles are not preheated, it is 
believed that a first agglomeration of the inorganic particles with the binder particles occurs as 
the result of pressure compaction. The resulting agglomerates may be ground prior to heating, or 
may be heated without grinding, or may be ground after heating. The grinding is generally to a 
particle size of about 28 to about 48 mesh. In any case, the material is heated after compacting 
in an over to slowly raise the temperature of the material to below the melting point of the binder 
resin. Again, it is believed that the heating step renders the binder particles soft, tacky, and 
flowable, increasing adhesion to the inorganic particles. 

A number of different methods exist for optionally preheating, and for combining and 
heating the HDPE binder and the inorganic particles that will form the desired granules, and 
these methods are within the scope of the present invention. These methods have in common the 
mixing of inorganic particles with the binder particles, and the subsequent heating and/or 
compression of the mixture to soften the binder and force the particles and the binder together, 
and the subsequent cooling of the heated material to form the desired agglomerated granules. 
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The precise mechanisms and equipment used to carry out these processes may differ to some 
extent, but processes that carry out these steps are within the scope of the invention. 

One suitable method for making the granules involves heating and mixing the binder and 
the inorganic particles in a twin screw compounder, which can be co-rotating or countef^rotaimg' 
In this embodiment, it is generally desirable to preheat the binder particles to a temperature 
sufficiently above ambient to render their surfaces tacky, but below the melting temperature. 
The binder can be heated by the application of external heat to make it tacky, and the inorganic 
particles added and combined with the tacky binder particles by the mixing action of the twin 
screws. Additional heating of the mixture may be provided by shear stress (as in an extruder) or 
by the application of external heating, or both. This additional heating raises the temperature of 
the binder sufficiently to cause further softening. The twin screws also desirably compact the 
mixture of inorganic particles and binder, which is believed to force the inorganic particles 
together into an agglomerate. The binder is allowed to cool and harden to form the desired 
granules. 

P < Another suitable method involves heating a fluidized bed of binder, such as HDP£, to a 

temperature of about 180° F to about 600% which softens and tacfdfies the surfaces of the 
binder particles, and adding inorganic particles, optionally in a different zone of the bed, further 
heating the mixture to further soften the binder, and cooling to form the desired granules. 

Another suitable method involves mixing of the binder polymer particles, such as 
HDPE, and inorganic particles in a mixer, such as a ribbon mixer with high speed shearing, and 
then compacting the mixture in a continuous compactor to a panicle size of about 1 to about 200 
mesh. The compacted is then heated from about 30 minutes to about 3 hours at temperatures 
ranging from about 350° to about 600°F The timing of the heating depends on the size of the 
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particle and the amount of the compacting powder in the oven. At a temperature of 350° F to 
500°F, about 2000 lb of material can be heated for about 6 to about 8 hours. 

In another embodiment of he invention, the process is used to agglomerate 
inorganic particles, such as zirconia or other metaJ oxide, onto a base or core particle of 
alumina or carbon, using the polymer particles as a binder. A similar process is followed, 
involving mixing of the base or core particle with the preheated binder particles, adding 
the inorganic coating particle, and heating the mixture to soften and at least partially 
liquefy the binder material, so that it becomes flowable and binds the inorganic coating 
particles/to the base or core particle. 

The granules obtained by these processes provide an excellent material for use 
wherever the inorganic particles can be used, e.g., in fluid purification or gas applications, and 
where dusting of the granules is undesirable. The granules provide exceptional surface area, 
because of the small size of the inorganic particles incorporated into them but do not exhibit the 
breaking characteristics typically encountered with particles in their size range. 

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS 
The description below relates to specific embodiments of the invention. Those of 
skill in the art will recognize that other, alternative embodiments will exist and that these 
do not depart from the spirit and scope of the invention. 

In general, and as described above, the invention relates to methods of granulating 
inorganic particles with a polymeric binder material. Typically, the granules have a particle size 
ranging from about 200 mesh to about I mesh, more particularly from about 20 mesh to about 80 
mesh. In more particular embodiments, the granules may have an average diameter ranging from 
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about 10 microns to about 1000 microns, more particularly from about 10 microns to about 400 
microns. 

The inorganic particles themselves generally have an average diameter ranging from 20 
run to about 200 microns more particularly from about 0. 1 micron to 50 microns. The size of the 
inorganic particles used is to some extent influenced by the desired size of the granules, with 
larger inorganic particles generally resulting in larger granules. Any inorganic particle that will 
function to absorb or adsorb contaminants present in a fluid stream, or that will provide 
antimicrobial activity can be used. As an example, for applications involving water purification, 
the inorganic particles generally comprise a metal oxide, such as zirconia, copper oxide, silver 
oxide, alumina oxide, or titania. These may generally be from about 20 nm to about 100 microns 

m 

in si2e. 

TSJ7, 
111 

n . In general, the particles may have a narrow panicle size distribution, but wide 

Ma 

1,1 3 

> distributions or bimodal distributions may also be used. In a particular embodiment, at 

m ■ 

p jj least some of the inorganic particles are used in the form of nanocrystals, i.e., they may have a 

O particle size ranging from about 20 nm to about 200 nm, more particularly from about 20 nm to 
about 1 00 nm. These nanocrystaliine particles can be prepared by techniques known in the art as 
□ "fuming". The fuming process generally involves at least three steps. In the first step, plasma 

energy is applied to a material, such as a metal, which vaporizes as the result of contact with the 
plasma, and forms a "fume." In the second step, the "fume" is quenched with a reactive gas, 
possibly oxidized, and begins to condense. In the third step ? the metal oxide vapor is further 
cooled to form small, generally spherical, nanocrystaliine panicles. 

These nanocrystaliine particles have been found to be particularly suitable for use with 
low or zero melting index HDPE and have been found to be very adherent thereto. The granules 
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formed according to the invention using zero melting index HDPE and nanocrystalline inorganic 
particles exhibit little or no dusting. Suitable inorganic particles include carbon, silver oxide, 
titan i a, alumina, zinc oxide, or zeolite, which can also be present in nanocrystalline form. 
Mixtures of two or more inorganic particles can be" ised/such as ntaSa~witlfanclS»deraluMna 
with titania, and copper with titania. 

In general, any suitable polymeric material can be used as the binder. It has been 
found, however, that HDPE is particularly suitable for combination with the inorganic particles 
described above for preparation of granules suitable for use in fluid purification applications, 
such as the purification of water, petroleum products, air, and the like. Because a significant 
application of the granules prepared by the invention is in the area of water purification, it is 
generally desirable to select polymers that will not degrade when in contact with water and air, 
and that are very wettable. Low-density polyethylene (LDPE) can also be used, but is generally 
not as efficient as HDPE. LDPE should have an ASTM D1238 melt flow index of around g/10 



Li!- • 
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More particularly, HDPE having an extremely low or zero melting index has been 



U found to be particularly suitable for use as a binder in preparing granules suitable for use 

□ in purification of water and air. Zero melting index HDPE has been found to be especially 

suitable, since it changes shape and becomes flowable only very slowly, and thus does not 
obstruct the pores and the change of inorganic materials. Generally, the binder is used in the 
form of particles having an average diameter ranging from about 5 microns to about 200 
microns. Such a binder can be heated for a substantial period of time at a temperature below its 
melting point without any appreciable decomposition. This allows the binder to emerge from 
any heating/preheating with surfaces that have become tacky and in softened form, without 
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decomposition. The binder particles thus retain a relatively uniform size and shape throughout 
the preheating process. This is particularly desirable, since the heating/preheating will typically 
occur over a substantial period of time. 

In general, when preheating is used, it involves heating the bind ^InatenaTtoY^ " ' 
temperature that is about 350° F to about 600° F, but in any case below its melting point, for a 
period of time ranging from about 60 min/kg of resin to about 90 min/kg of resin, assuming a 
zero melting index HDPE binder resin. Regardless of the specific resin used, the preheating step 
involves heating the binder material to a temperature above room temperature and below its t 
melting point for a time period sufficient to cause the surfaces of the binder particles to become 
tacky. Those skilled in the art will recognize that this preheating can be done in the presence of 
.fj the inorganic particles if necessary, and this is done in one embodiment of the invention. In 

b| other embodiments, it is sufficient to preheat only the binder particles, and this has the advantage 

of a lower heat duty for the process. In other embodiments, such as those using a compactor, 

if] " ; 

f|j preheating may be unnecessary. 

tp In general, once the binder particles have been sufficiently heated to render their surfaces 

tacky, and have been mixed with the inorganic particles in such a way as to provide intimate 

ul 

%l contact between the polymer particles and the . inorganic particles, the two are compressed to 
provide more intimate contact between the inorganic particles. Various devices may be used to 
accomplish this mixing, such as static mixers, compounders, kneaders, Banbury-type mixers, 
pressure compactors, and the like. The mixture is subjected to sufficient heating, typically 
supplied by a heat source applied to the mixing equipment, to cause the binder to soften. The 
mixture is typically heated to a temperature ranging from about 350 °F to about 600 °F, more 
particularly from about 450 °F to about 600° F, or a time period ranging from about 1 0 min/kg to 
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about 60 min/kg mixture. As the binder softens and becomes more flowable, the inorganic 
particles adhering to the surface of the polymer particle tend to move together, forming an 
agglomerate of inorganic particles held or adhered together by the binder material. This can be 
assisted by compressing the material during heating, e.g., by conductingmixingand heatingf ™" 
simultaneously, or by using a separate compression step that occurs during, prior to, or after, 
heating. The inorganic particles can be added in ratios ranging from about 1 wt% metal oxide to 
about 85 wt% metal oxide, based upon the total weight of inorganic particles and polymer 
particles. 

Once the agglomerates are heated to above the softening temperature of the binder, they 
are cooled to form granules. The resulting granules can be ground into smaller granules, or can 
be used as they are obtained from the process. 

In one particular type of process, the granules can be formed using a twin screw 
compounder. The order of addition of particles is not particularly critical, and 
can be varied or reversed. A suitable specific embodiment of this type of process is 
described herein. In this specific embodiment, HDPE particles are first introduced into a 
first stage of compounder and very gradually heated to 350 °F to 600 T. For example, in the 
first stage of the compounder, the temperature is around 300 °F and over 4 1/2 feet of screw 
length is gradually increased to a temperature under 600 °F. The screws of the compounder are 
primarily designed to accept the particles of HDPE as feed, and move them at an appropriate rate 
(e.g., around 3 50 lb/hr) down the barrel of the compounder. As the particles move down the 
compounder barrel, they are heated until they reach an average temperature of around 500 °F. 
By this point, the particles have softened and their surfaces have become tacky. 
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In the next stage of this embodiment, particles comprising a metal, e.g. a metal oxide, 
such as zirconia, copper oxide, silver oxide, aluminum oxide, or zeolite, nanocrystalline metal 
oxides (such as nanocrystalline zinc oxide, nanocrystalline titania, nanocrystalline copper oxide, 
etc.)/ or silver, or carbon, or mixtures thereof are added. The nanocrystalline metal oxide 
particles generally have particle sizes ranging between about 20ran and about 200 microns. The 
mixture of metal oxide particles and polymeric particles is heated to about 450 °F. In this second 
stage, at least some of the metal oxide particles form a coating on the polymeric particles. As the 
mixture leaves the second stage, it is cooled to form granular, approximately spherically shaped 
material, at least a portion of the metal oxide particles coating the approximately spherically 
shaped polymer granules. 

^3 The shape of the screws of the twin screw compounder may vary from stage to stage to 

R] * ' * 

{&. create different shear conditions at different temperatures. For example, in the embodiment of 

111 ■ 

4= the invention wherein the polymer particles are added to the compounder first, the compounder 

RJ : screws in the first zone may be shaped so as to slowly move the particles through the preheating 

f;f stage, thereby allowing a very gradual increase in the temperature of the particles to the targeted 

K temperature range. The compounder screws in the first stage, in effect, act as screw pumps or 
conveyors to move the polymer particles through the heating zone at a controlled rate, and 
allowing for sufficient residence time to tacktfy the surface of the particles and begin to soften 
them. Typically, the compounder screws are designed to move the particles through the 
preheating zone at a rate of about 1 kg/min/°F. The screws may be designed so that some or all 
of the heating is provided by shear stress on the particles as they are pumped through the zone, or 
so that only minimal heating is supplied by shear stress and the majority (or almost all) of the 
heating is supplied by an external heater, such as heating bands or collars 
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Once the polymer particles have been moved through the preheating zone and their 
surfaces tackified, they can be mixed with inorganic particles in the second stage of the 
compounder. The second stage screws may be shaped to provide intimate mixing of the 
tackified polymer particles and the inorganic particles. For example, the screws in this stage, 
may contain kneading disks, mixing pins or pegs, Maddock mixing heads, or other structures to 
increase the level of mixing of the tackified polymer particles and the inorganic particles. 
Alternatively, the materials may be forced through a static mixer in line with the compounder 
barrels. The mixture of polymer particles and inorganic particles is then compressed by, e.g., 
closely spaced or narrow screw channels for compression of the mixture. This compression can 
occur substantially simultaneously with mixing, or may occur after mixing is substantially 

£3 

t fl complete. The mixed material is also heated to a temperature sufficient to further soften the 

m - - " - ' ■ 

jjj;- polymer binder, which heating can occur prior to, during, and/or after compression of the 

m 

mixture. The combination of heating and compression is believed to force the inorganic particles 

U.I • 

f (j closer together displacing the softened binder, and forming an agglomeration of inorganic 

C;j particles held together by the softened binder polymer. 

=4= 

h= In the last stage of the compounding process, the material is cooled and the final product 

m . • • 

leaves the cooling station. Cooling can be accomplished by conventional techniques, such as 



forced air or jackets or collars that bring cooling fluid into contact with the compounder barrels. 
Desirably, the zero-melting index HDPE is cooled to a temperature ranging from about 100 °F to 
about 70 *F. The cooled agglomerates are then removed from the compounder. The material can 
be forced through dies ranging in size from about 1mm to about 50mm. 

One example, of a suitable compounder for use in making the agglomerates of the 
invention is the ZSK MEGA compounder produced by Krupp Werner Pfleiderer. The rotary 
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screws of the compounder have a sealing profile that avoids zones with poor material flow and 
ensures a consistent formation of granules and self-cleaning of the process equipment. 

Similar compounding equipment can be used to coat metal oxide particles on a core 
particle of zeolite, alumina, carbon or other material. In this arrangement, the core particles, 
which generally have a particle size of 2- 1 00 mesh with a surface pH ranging from about 2 -to 
about 10, are fed to the compounder in a first stage, without preheating, and the binder particles 
are fed into the compounder in a second stage, where they are contacted with the core particles 
and the mixture is heated sufficiently to render the binder particles soft and flowable. The 
inorganic particles are then added, and form a coating on the larger core particles. 

As indicated above, the compounder can also be used without preheating of the binder 
Jj% particles, for example, where the binder particles and the inorganic particles are mixed and 

m 

Uj subjected to shear stress heating and/or external heating in the compounder, and this heating is 
III 

4* sufficient to tackify and soften the binder particles. 

lif 

f!J Another method for preparing the granules of the invention involves introducing the 

□ particles into a heated fluid/zed bed. The bed may be heated by heating the fluidizing gas, which 

H flows through the bed, fluidizing the particles. The binder particles become soft and tacky, as 

01 

W: described above, and the inorganic particles adhere to their surfaces when introduced into the 

L.5. 

bed. The mixture can then be further heated and pressurized if necessary in order to compress 
the particles together. Granules can then be obtained at the end of the fluidizing process. 

Another method of producing the granules of the invention involves introducing the 
binder and inorganic particles into a compactor and compressing them with a pressure ranging 
from about 60 - to about SOOOpsi, and optionally ground to a desired size particle of about Imesh 
to about 200 mesh. The compacted or compacted/ground material is further heated for 60 min to 
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4 hours at an average temperature of about 350 °F to about 600 °F and then cooled to an ambient 
temperature. The percentage of the binder in the mix ranges from about 10% to about 70%. The 
compacted material can incorporate between about 30 and about 80% of inorganic particles in 
the form of nanociystals of approximately 2(F nm to 100 micron diameter,~which Re integrated to 
the polymer during the heating process; 

In one embodiment, the compactor is a pressure compactor, e.g., a roll press or 
granulating mill. Desirably, the compactor contains two mechanical wheels or rollers that 
counterrotate, and have a nip or gap between them. The binder particles and inorganic particles 
are introduced between the wheels or rollers, and the movement of the wheels or rollers draws 
the particles into the nip or gap, where they are compressed to form sheets or flakes of solid 
material by the time the particles exit the gap. These sheets or flakes can be heated directly, as 

bj described above, and then ground to the desired granule' size (about 1 to about 200 mesh), or can 

U! . . . ' 

«(; be first ground to the desired granule size, and then heated as described above. Those of skill in 

ili ' ■ 

Hi the art will recognize that other compaction techniques can be used, such as those described in 

p. standard engineering handbooks. 

^ The granules prepared by the invention have a number of uses, particularly in the 

W preparation of filtration materials for purifying fluids, such as water and air. For example, 

granules of zirconia coating alumina core particles as described above have been found to be 
particularly suitable in filtration devices to remove arsenic from drinking water where the 
zirconia coating acts as the adsorbent. The particles can be packed into small filters or large 
columns without appreciable dusting. The unique structure of the coating and their ingredients 
allow a regeneration process of 5% sodium hydroxide to regenerate the zirconia surface without 
any damage to the shape and the pores of the formation. 
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Another formulation that has been found to have very effective antimicrobiological 
properties is a granule zinc oxide, nanocrystalline titanium oxide, copper oxide and silver oxide 
in amounts ranging from about 0.01 wt% to about 60 wt%, based on the weight of the granule. 

This material provides la surface that inhibits or prevents the ^ 

bacteria and mold. The time in which the material exhibits effectiveness for bacteria control can 
vary from a few minutes to a few hours. The sizing and the proportion of such compositions in 
part depends on the volume of water and the contact time. The smaller the particle size attached 
to the binder the better the kinetic and the surface attraction of the metal oxide to 
rnicroorganisms. The unique surface activity demonstrates microorganism reduction with 
amounts of granules as low as 1% by weight. These reductions can be as high as 99% in the first 
@ hour and 99.99% after 24 hours. The proportion of the silver oxide, copper oxide, zinc oxide and 
{II nanocrystalline titania may vary from application to application 
111 EXAMPLES FOR WATER PURIFICATION 

if; The following proportions of binder and inorganic particles have been fouad to be 

■ _ particularly useful in fluid purification when prepared by the techniques described above. 





1. 


20% binder, 40% carbon, and 40% zinc oxide. 


P 


2. 


20% binder, 40% zinc oxide, 20% copper oxide, 10% alumina 


u 

I 


3. 


40% binder, 60% nanocrystalline titania 




4. 


30% binder, 70% zinc oxide 




5. 


20% binder, 40% zeolite, 40% zinc oxide 




6. 


20% binder, 60% carbon, 20% zinc oxide 




7. 


10% binder, 40% carbon, 10% zinc oxide, 10% copper, 10% silver, 20% zeolite. 
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For example, in applications involving purification of drinking water, the amount of silver used 
will be rather low (probably the lowest of the inorganic materials in the coating), because silver 
has been regulated for such use. In these applications, the amount of nanocrystalline titania or 
nanocrystalline zinc can be increased up to 75%. 



CO 

3 . i 

ill 

SIS 

L!l 

fij 



16 



